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Mixed Mode Modulation
1 Introduction
Precoded EGPRS2 (PCE2) utilizes orthogonal frequency division multiplexing (OFDM) to transmit symbols modulated upon orthogonal sub carriers. It is known ‎[1] that the low pass characteristics of the GSM pulse shaping filter will suppress sub carriers located in the proximity of the edges of the signal bandwidth (BW). In sensitivity limited scenarios it has been observed that this leads to degradation in energy per symbol per noise power (Es/N0).
To counteract this inherent property of PCE2 lower order modulated (LOM) symbols can be utilized on the sub carriers at the BW edges. This solution gives an increased energy per bit, and is intended to compensate for the decreased energy per symbol caused by the pulse shaping filter. This method is commonly known as Mixed Mode Modulation (MMM). 
The purpose of this contribution is to demonstrate a method for finding best possible MMM mixture for a given MCS and present achieved performance given this mixture in a set of link level scenarios.

This document was first presented at the 2nd Teleconference on SPEED.

2 Mixed Mode Modulation

2.1 Concept

The GSM/EGPRS radio channel is typically dominated by the transmitter and receiver filter. The deterministic low pass characteristic of these components implies that the PCE2 symbol power is dependent on the position of the sub carrier that the symbol is modulated upon. The symbol power declines as the position of the sub carrier approaches the edge of the signal BW.

The intention of MMM is to maintain the power per bit over the entire burst. This is achieved by modulating LOM symbols on sub carriers suppressed by the transmitter filter. To maintain burst size the introduction of a LOM symbol must be accompanied by the introduction of a higher order modulated (HOM) symbol. The HOM symbols are preferably located at the centre of the signal BW where the impact from the transmitter filter is negligible.
All data fields in a burst, such as payload, Header, USF and SF, can potentially gain from MMM.

2.2 Evaluation Method
Due to the low pass characteristics of the GSM radio channel it is assumed that MMM will show best possible gains when the number of bits per symbol, i.e. the modulation order, are decreasing as the symbol position is approaching the centre of the burst. To achieve a gradually decrease in modulation order over the burst modulation constellations BPSK, QPSK, 8PSK, 16QAM, 32QAM and 64QAM were considered in the evaluation.

The optimal mixture of modulation was derived in a brute force method, where the Raw BER performance of a given MCS was evaluated at a SINR corresponding to the 10% Data BLER operative point. Raw BER was selected as preferred evaluation measure since it is believed to maximize overall performance while minimizing the complexity of the evaluation. The MMM performance was evaluated first with a coarse granularity of symbols for each modulation to get a rough estimation of modulation mixes of interest. E.g. for DAS-5 all combinations of modulation symbols in each half burst was first investigated given a certain range and granularity (g):

[BPSK,QPSK,8PSK,16QAM,32QAM,64QAM]=[0:g:20,0:g:20,0:g:40,0:g:40,0:g:20,0:g:10]
The coarse search was followed by a more narrow range, simulating each possible modulation mixture. 

 BPSK,QPSK,8PSK,16QAM,32QAM,64QAM]=[0:1:10,0:1:20,0:1:15,0:1:1:35,0:1:5,0]
The MCSs investigated were:

· DAS-5, DAS-8 and DAS-10 for PCE2A and
· DBS-5, DBS-7 and DBS-10 for PCE2B.
To study the general applicability of the derived MMM patterns Data and Header BLER performance of each MCS was simulated with and without the derived MMM pattern activated. For PCE2-A the MMM pattern derived for DAS-5 was applied on DAS-6 and -7, while the DAS-8 pattern was applied on DAS-9 and the DAS-10 pattern applied on DAS-11. For PCE2-B the MMM pattern derived for DBS-5 was applied on DBS-6, while the DBS-7 pattern was applied on DBS-8 and -9 and the DBS-10 pattern applied on DBS-11. 
It is possible to derive a MMM pattern for each MCS, but it is believed that this gives small additional gains on the expense of increase in complexity. MMM for DAS-12b and DBS-12b is treated separately in contribution ‎[2].

3 Simulation

The Raw BER evaluations were executed in a sensitivity limited scenario given a TU50noFH channel. The Data and Header BLER performance of PCE2-A and 2-B was evaluated in
· a sensitivity limited scenario, 

· a CO-channel and 

· a modified DTS-2 interference scenario. 

This evaluation was completed for TU50nFH, HT100nFH and RA250nFH channels.

The modified DTS-2 scenario is presented in Table 1. The main modification is the addition of one extra adjacent interferer. This modified version is believed to more accurately capture a live network interference scenario than the original version used in the SAIC feasibility study ‎[3]. In reference ‎[4] this assumption is confirmed, as it is shown that dual adjacent interferers are commonly experienced in typical network scenarios. The relative power of the single adjacent interferer in the original DTS-2 scenario has been divided among the two adjacent interferers in the modified scenario. In addition, the AWGN sources have been removed for simplicity since they are expected to have a negligible impact on performance.
	Modified DTS-2

	Interferer Modulation
	Relative Power [dB]
	Frequency offset [kHz]

	GMSK
	0
	0

	GMSK
	-10
	0

	GMSK
	0
	200

	GMSK
	0
	-200


Table 1 Modified DTS-2 interference scenario.
The full set of simulation assumptions are captured in Table 2.
	Parameter
	Value

	Link direction
	Downlink

	Frequency band
	900MHz

	Channel model
	TU50nFH, HT100nFH, RA250nFH

	Simulated scenario
	Interference limited 

· Modified DTS-2

· CO channel interference

Sensitivity limited scenario

	Interference modulation
	GMSK

	MCSs
	DAS5-DAS11, DBS5-DBS11.

	TSC placement
	According to ‎[6]

	Burst length
	According to ‎[7]

	CP length
	PCE2-A: 6 

PCE2-B: 9

	RX BW
	PCE2-A: 240kHz

PCE2-B: 275kHz

	ICI Suppression
	No

	Impairments:

– Phase noise

– I/Q gain imbalance

– I/Q phase imbalance

– DC offset

– Frequency error
	Ericsson typical TX/RX impairments:

0.8 / 1.2   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 2.0   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]


Table 2 Simulation assumptions.
4 Results
Table 3 and Table 4 summarizes the best found MMM patterns for PCE2-A and PCE2-B given a sensitivity limited scenario and TU50noFH propagation model.
	MCS 
	64QAM
	32QAM
	16QAM
	8PSK
	QPSK
	BPSK

	DAS-10/11
	28
	11
	13
	3
	3
	0

	DAS-8/9
	0
	24
	21
	2
	11
	0

	DAS-5/6/7
	0
	0
	28
	8
	16
	6


Table 3 MMM patterns derived for PCE2-A.

	MCS 
	64QAM
	32QAM
	16QAM
	8PSK
	QPSK
	BPSK

	DBS-10/11
	40
	6
	14
	1
	8
	0

	DBS-7/8/9
	12
	16
	20
	2
	19
	0

	DBS-5/6
	0
	0
	8
	10
	25
	26


Table 4 MMM patterns derived for PCE2-B.

The tables below summarize the relative Data BLER and Header BLER performance when MMM is activated compared to the performance achieved without MMM. If a BLER target could not be reached no value is presented in the corresponding cell.  Since the Header is modulated upon sub carriers located at the edges of the signal BW the Header BLER performance is improving from MMM in all studied scenarios. 
The relative performance of Data BLER is dependent upon scenario and propagation model. It is seen that PCE2-A Data BLER shows gains in the sensitivity limited scenario and degradation in the interference limited scenarios. PCE2-B Data BLER shows gains both in sensitivity limited and the modified DTS-2 scenario, while degradation is observed in the CO-channel interference scenario.
The reason for larger degradations in the CO-channel scenario is that the spectral characteristics of the interference is identical to the spectral characteristics of the carrier and a more constant C/I is experienced, where a mix of modulations does not improve channel capacity.

It can further be seen that the relative gains/losses seen are consistent for different propagation conditions. When larger degradations are observed in especially the RA250nFH, it is due to the target BLER being close to an error floor.

	MCS

	Data improvements @ 10% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	0,2 

	0,3 

	0,2 


	DAS-6

	0,3 

	0,4 

	0,2 


	DAS-7

	0,4 

	0,6 

	0,4 


	DAS-8

	-0,6 
	-0,5 
	-1,3 

	DAS-9

	-0,4 
	-0,5 
	-5,3 

	DAS-10

	0,0 

	0,1 

	
	DAS-11

	-0,0 
	-1,2 
	

	
	MCS

Data improvements @ 10% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

0,4 

0,6 

0,5 

DBS-6

0,7 

0,7 

0,4 

DBS-7

0,1 

0,1 

-0,3 
DBS-8

0,5 

0,6 

-2,0 
DBS-9

0,8 

0,6 

DBS-10

1,1 

1,2 

DBS-11

-1,3 



Table 5 PCE2-A and 2-B Data BLER improvement in sensitivity limited scenario.
	MCS

	Header improvements @ 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	4,9 

	5,3 

	5,6 


	DAS-8

	6,2 

	6,5 

	6,8 


	DAS-10

	4,6 

	5,4 

	
	DAS-11

	4,9 

	6,1 

	

	
	MCS

Header improvements @ 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

5,4 

6,3 

5,4 

DBS-7

3,1 

3,6 

3,1 

DBS-9

3,2 

3,7 

2,9 

DBS-10

0,9 

0,4 

0,8 

DBS-11

0,1 

-0,4 
0,5 




Table 6 PCE2-A and 2-B Header BLER improvement in sensitivity limited scenario.

	MCS

	Data improvements @ 10% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	-1,0 
	-0,6 
	-0,8 

	DAS-6

	-1,0 
	-0,8 
	-1,1 

	DAS-7

	-1,2 
	-0,9 
	-1,2 

	DAS-8

	-1,6 
	-1,6 
	-2,4 

	DAS-9

	-1,8 
	-1,8 
	-6,1 

	DAS-10

	-1,2 
	-1,1 
	
	DAS-11

	-1,6 
	-2,5 
	

	
	MCS

Data improvements @ 10% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

-1,2 
-1,0 
-1,2 
DBS-6

-1,5 
-1,3 
-1,9 
DBS-7

-1,0 
-0,8 
-1,6 
DBS-8

-1,4 
-1,1 
-4,3 
DBS-9

-1,5 
-1,3 
DBS-10

-0,7 
-0,5 
DBS-11

-4,6 



Table 7 PCE2-A and 2-B Data BLER improvement in CO channel interference scenario.
	MCS

	Header improvements @ 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	2,6 

	3,3 

	3,0 


	DAS-8

	4,0 

	4,6 

	5,1 


	DAS-10

	3,6 

	4,4 

	
	DAS-11

	3,7 

	4,4 

	0,0


	
	MCS

Header improvements @ 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

3,8 

4,7 

4,4 

DBS-7

2,8 

3,0 

3,7 

DBS-9

3,0 

3,7 

4,2 

DBS-10

0,8 

0,8 

1,2 

DBS-11

0,5 

0,4 

0,7 




Table 8 PCE2-A and 2-B Header BLER improvement in CO channel interference scenario.
	MCS

	Data improvements @ 10% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	-0,5 
	-0,2 
	-0,5 

	DAS-6

	-0,6 
	-0,3 
	-0,6 

	DAS-7

	-0,6 
	-0,3 
	-0,7 

	DAS-8

	-1,3 
	-1,2 
	-2,1 

	DAS-9

	-1,3 
	-1,4 
	-5,8 

	DAS-10

	-0,7 
	-0,6 
	
	DAS-11

	-1,1 
	-2,3 
	

	
	MCS

Data improvements @ 10% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

0,1 

0,2 

0,2 

DBS-6

0,2 

0,4 

0,3 

DBS-7

-0,1 
0,0 

-0,4 
DBS-8

0,2 

0,2 

-1,7 
DBS-9

0,3 

0,5 

DBS-10

0,9 

1,3 

DBS-11

-0,9 



Table 9 PCE2-A and 2-B Data BLER improvement in modified DTS-2 channel interference scenario.
	MCS

	Header improvements @ 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	4,9 

	5,5 

	5,6 


	DAS-8

	6,1 

	6,6 

	7,3 


	DAS-10

	4,8 

	5,8 

	
	DAS-11

	5,0 

	6,0 

	

	
	MCS

Header improvements @ 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

6,3 

6,9 

6,3 

DBS-7

2,9 

4,0 

3,5 

DBS-9

3,3 

3,8 

3,5 

DBS-10

0,3 

0,8 

0,5 

DBS-11

0,0 

0,1 

-0,1 



Table 10 PCE2-A and 2-B Header BLER improvement in modified DTS-2 channel interference scenario.
5 Conclusion
This contribution presents an investigation on MMM for PCE2-A and PCE2-B in interference and sensitivity limited scenarios given various channel propagation conditions. The selected optimization criteria used when deriving optimal MMM mixtures was to minimize raw BER.
It can be concluded that PCE2-A and 2-B Header BLER is generally improving from MMM given the conventional EGPRS2-A and 2-B Header burst mapping. This is due to the introduction of LOM symbols on the sub carriers that typically carries the Header bits.
MMM improves Data BLER performance in some scenarios, while it degrades performance in others. Before it is concluded if MMM shall be utilized or not symbol shift and bit swap methods must be evaluated and taken into account, as done in ‎[5].
It can be noted that no changes to the decoder has been done to take into account soft bits received from different modulations. Possible enhancements with this aspect are left FFS.
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